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Introduction 
Soil survey involves the mapping, classification, correlation, and interpretation of soils. The first soil 
survey in Iowa was in the Dubuque County area but did not include the entire county. The field 
work was done in 1902 and the report was published in 1903. Since that time, most Iowa counties 
have had at least two soil surveys completed and some have had three. The basic factors of soil 
formation have not changed but the use of the soils for intensive agriculture has resulted in changes 
in some soil properties, especially of the surface horizons. However, generally factors other than soil 
differences have been responsible for multiple soil surveys over one area. Over time, our concept 
of soil has changed. Early soil scientists with a background in geology considered the soil to be 
primarily that part of the earth's surface that had been darkened by the addition of organic matter., 
Our concept of soil has evolved so that soil now is considered a natural body made up of several 
horizons or layers that are genetically related to the soil forming factors under which the soil has 
developed. Total analyses of soils for phosphorus and potassium was a common practice during the 
early 1900's. Later, it was learned that it was not the total amount of a nutrient that was important 
for plant growth but the amount that was available to the plant. Other major factors in resurveys 
were the scale and the base map used. 
The early soil maps were generally made at a scale of 1 inch per mile on a plane-table base map. In 
. the late 1930's the use of aerial photographs as base maps for soil survey was implemented. Most 
of the surveys were made at a scale of 4 inches per mile and most of the modem surveys we have 
in Iowa were made at that scale. Beginning in the 1990's, orthophotographs were used as base maps 
and the field mapping is presently being done at a scale of 1:12,000 or 5.28 inches per mile. 
Availability of Soil Information 
Soil surveys are available for all Iowa counties in published reports and presently 95 of the 99 
counties also have the same information available in digital format. Many digital soil maps of Iowa 
are available on the internet@ http://W"ww.ia.nrcs.usda.gov/ 
To access the soil information select-Soils, Soils Information, and Digital Soil Survey Data From 
Iowa Cooperative Soil Survey on successive screens. Data bases giving soil properties and 
interpretations are available at the same site. The Iowa State University Extension home page also 
contains soil information as well as a link to the digital soil maps and databases. The home page 
address is: 
http:/ I extension. agron.iastate. edu/ soils/ soilsurv .html 
83 
Descriptions for all soil series in the U.S. are located at: http://www.statlab.iastate.edu/cgi-
bin/osd/osdname.cgi 
For those who do not have access to the internet, the digital soil information and associated data 
bases are available on CD-ROM or diskettes. The digital soil information is available in several 
different formats and is suitable for use in most Geographic Information Systems (GIS). For those 
users not interested in using a GIS the digital information may be used with the IS OIL program which 
is our software package for handling soil maps and data. Contact me at the above address if you have 
questions on the availability of soil information in Iowa. 
Soils and Landscapes 
Soils are landscapes as well as profiles. Why should you have an interest in learning more about soils 
and landscapes? Recently there has been increased interest in soils as part of ecosystems. Global 
warming and carbon sequestration have increased the interest in our environment. Wetlands of which 
hydric soils are an important component have become front page news. However, probably the most 
widespread interest in soil properties and their role in crop production has been stimulated by the 
advent of precision agriculture. In the past with increased farm size, operators tended to treat fields 
as the smallest management unit. Soil-related characteristics were largely ignored and production 
inputs were uniform across the field. However, with the evolving technologies, operators can now 
deal with in-field variability that in the past had generally been recognized but was difficult to manage 
efficiently in large operations. Much of the in-field variability is due to variation in properties of soil 
and landscape. In a field where soil test values are high, the same variety is planted, and management 
is the same yields are not uniform across the field. Why not? The answer lies in understanding the 
variability of soils and landscapes. 
Two major kinds of variability exist-spatial and temporal. Spatial variability is the variation in 
measured crop and .soil characteristics over distance and depth. The challenge is to identify the 
amount of variability, its significance, and determine how it can be used in management decisions. 
Temporal variability is the variation related to time rather than space. Soil water and nitrates are 
examples of characteristics that exhibit temporal variability. 
Precision Agriculture 
Precision agriculture is concerned with understanding variability and managing it. Precision 
agriculture is made possible by the merging of several technologies, GPS-Global Positioning 
Systems, GIS-Geographic Information Systems, Yield Monitors, Remote Sensing, Digital soil maps 
and databases, and variable rate applicators. Operators may be involved in only one or all of these 
technologies and still considered to be involved in P A. The ultimate goal is to improve the 
management of agricultural land. To achieve this goal means that we need to generate data on soils, 
crops, pests, weather, etc. that will help in determining the best management practices for a field. 
Keep in mind that the technologies are only tools to aid our understanding, analyses, and 
conservation of sustainable agricultural ecosystems. The adoption of these technologies is 
increasing rapidly. 
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Dakerkow and McBride summarized results of a survey relating to adoption rate of site specific 
crop management technologies among U.S. com growers Fall, 1998 (Modem Agriculture, pages 
22-23). In the survey, they classified as an adopter of precision farming for com production any 
farm operator if 
1. Any com acres were soil grid sampled and mapped, or 
2. Any com acres were fertilized or limed with variable rate technology (VRT) or 
3. Any com acres were harvested using a combine equipped with a yield monitor. 
Respondents to the survey included 950 farms in 16 states with a high concentration in the North 
Central Region. They reported that go1o of all com farms in the 16 states used one or more precision 
agriculture technology for com production for crop year 1996. Among the specific technologies: 
1. Seven (7) percent used soil grid samples/maps 
2. Four (4) percent applied fertilizer or lime with variable rate technology 
3. Six ( 6) percent used a yield monitor during com harvest 
4. Four (4) percent used the yield monitor information to develop yield maps. 
The nine (9) percent ofthe farms using any precision agriculture technology farmed nineteen (19) 
percent of the com acreage indicating that the adoption has primarily occurred on larger farms. They 
concluded the following: 
"Precision agriculture technologies offer a way to manage sub-field variability of soils, pests, 
landscape, and microclimates by spatially adjusting input use to maximize profits and potentially 
reducing environmental risks. Hence, the level and rate of adoption of precision agriculture 
technologies has implications for farm income as well as for the land and water resources associated 
with production agriculture." Thus, it seems clear to me that a knowledge of soils, soil properties, 
and how they vary on the landscape are a very important component of precision farming. A survey 
ofthe current literature indicates that PA emphasizes the concept ofvariability. 
SOME RECENT DATA 
The following paragraphs were taken from a response by Jess Lowenberg-DeBoer of Purdue 
University on some questions relating to precision agriculture: 
A recent survey by Jay Akridge and Linda Whipker at Purdue showed that for the fall of 1999, about 
45% of a sample of retail agribusinesses in the US would offer some GPS based soil sampling. Most 
of those offering GPS based sampling used a grid, though overall some 31% used soil type based 
sampling and another 19% used other methods of determining sampling locations including remote 
sensing and yield maps. 
Within the group reporting grid sampling the breakdown of grid sizes was: 
under 1 acre - 1. 6% 
1 to 2.5 acres- 8.7% 
2.5 acre- 53.6% 
2.5 to 5 acre- 32.8% 
Other grid size - 3.3% 
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This survey was reported in Fann Chemicals magazine, June, 
1999, p. 9-14. 
The size of management zones is in part an economic decision that tries to balance the cost of the 
information and the benefit of smaller sample size. Most soil science studies say that we need smaller 
management areas than 2.5 acres to properly characterize soils. Most economic studies indicate that 
for bulk commodities (e.g. com, soybeans, wheat) it is hard to pay for even a 2.5 acre grid. Like so 
many things about site specific management, the economics are site specific. The questions I would 
ask are: 
1) What is the cost of a soil sample, including the labor to take 
samples and lab analysis? 
2) What will it cost to interpret the soil test data and develop a 
recommendation map? This cost might be in money, or it might be 
in time. 
3) How much does it cost to implement a variable rate application 
plan? For example, what is the fee for variable rate fertilizer 
application? 
4) How much yield increase can be expected from site specific 
management? Most economic studies indicate that input savings 
are usually not enough to pay for the additional information, 
equipment and work. In most cases it will take yield increases to 
make it profitable. 
5) What is the value of that increased yield? It is much easier to 
make site specific management profitable for higher value crops, like 
sugar beets or potatoes, than it is for bulk commodities. 
Signed /Jess Lowenberg-DeBoer 
Iowa Soils 
In Iowa there are twenty-one principal soil association areas (Figure 1). Within each soil association 
areas generalizations can be made about soil-landscape-vegetation relationships. Figure 2 shows the 
relationships we expect to find in the Clarion-Nicollet-Webster Soil Association Area located in 
North-Central Iowa. The numbers in the bottom line below each schematic soil profile are used for 
statistical analyses involving natural soil drainage class. For example 30 is used to code well drained 
soils and 60 to code poorly drained soil. Thus drainage classes can be included in regression analysis 
or other types of analyses. Figure 3a shows a soil map of an area in Boone County made at a scale 
of 1:15840 (4 inches= I mile). Figures 3b and 3c give the soil legend and symbol legend used in 
Boone County. Two 80-acre tracts of land in Boone County, Iowa, were a part of a detailed 
research project. This information will be used to help understand the relationships between soil maps 
and soil properties. Additional information about tQis study is given in a paper entitled "An 
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evaluation of soil survey crop yield interpretations for two central Iowa farms" by Steinwand et al. 
(J.Soil and Water Consv., 51 (1)66-71, 1996). It contains information about the soils and yields 
from these two farms with two different management systems, conventional and alternative. 
Relationship of Yields to Soil Maps 
A question that is often asked of those of us in the Soil Survey Program is ''What should be the 
relationship of the yield monitor data to my soil map? We would like to say that there is a direct 
relationship of the soil map to the yield data. However, it is important to recognize that the yield 
monitor data is collected on a second by second basis. The soil maps generally available are made 
at a scale of 1: 15840 and were not necessarily designed to correlate to the second by second yield 
data. In fact, the soil surveys at that scale were designed to be used primarily for field level 
decisions. For example, which conservation practices will help reduce soil loss within this field etc. 
? 
Most yield data collected within a field will show a range in yields within a soil map unit. This trend 
does not mean that the soil map is not correct. However, it is important to understand the factors 
that contribute to variability in yields as related to soils. 
Yield Variability and Contributions of Soils to Variability 
There are many causes of yield variability but many of them are related to soil and landscape 
variability. Soil scientists group soil variability into two broad categories, systematic and random. 
Systematic variability is scale dependent as is some of the random variability. More closely spaced 
sampling points within areas thought to be randomly variable may indeed have a systematic pattern. 
Factors contributing to soil variability are discussed in the attached paper entitled "Soil Variability". 
The soil properties listed in this paper (Table 3) all contribute to soil productivity (Figure 4). Soil 
productivity is defined as "The capacity of a soil to produce a certain yield of crops or other plants 
with a specified system of management''. Thus it follows that variations in soil properties are related 
to variations in productivity. Some of the important soil factors I would like to discuss are shown 
in Figures 5, 6, 7, 8, 9, and 10 and in Table 1. 
Newer Technologies 
Technologies Available That Provide Useful Information For Precision Soil and Crop Management 
-soil maps and supporting data bases 
-digital soil maps and supporting data bases 
-ortho imagery 
-digital elevation models (DEM) 
-topographic maps 
-geographic information systems (GIS) 
-global positioning systems (GPS) 
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-yield monitors 
-variable rate applicators 
-remote sensing 
---imagery (black and white, color, infrared etc. airplane & satellite) 
---electromagnetic induction meters (EM) 
Thompson-Baker Study Area 
Some Examples of Soil Variability 
The soils of this study are in the Clarion-Nicollet-Webster soil association area (Figure 1) which 
makes up about 20% ofthe state. Figure 2 shows the landscape relationship of the major soils in this 
area. The 4-inch per mile soil map sheet of the southeast one quarter of Section 16 (Figure 3a) shows 
the study area. The legend and symbols used for the soil maps of Boone County are shown in Figures 
3b and 3c. 
Figure 11 shows a relief map in meters of the Boone County site in the southeast one quarter of 
Section 16. One meter is equivalent to 3.28 feet. Figures 12 through 25 show data collected on a 
detailed grid for the area outlined on the published soil map of the southeast one quarter of Section 
16 outlined in Figure 3 a. On the south one half of that area observations were taken on a 160 foot 
grid. On the north half, the traverses are at 320 foot intervals with 160 feet within each traverse for 
a total of 192 observations. Table 4 shows the summary statistics for selected soil properties 
measured in the 160-acre field. The minimum and maximum numbers represent the range of 
variability within this field. For example the sand content of the surface horizons ranged from 8.3 to 
77%, organic matter content ranged from 1. 3 to 10. 1%, clay content ranged from 14 to 41%, pH 
ranged from 5 to 7.8, depth to carbonates ranged from 0 to 85 inches, and thickness of the mollie 
epipedon (dark colored horizon) ranged from 6 to 49 inches. The soils identified at each of the grid 
points are shown on elevation contours in Figure 12. Note that the soils identified on the grid do 
not agree exactly with the published soil map. 
Variability in particle size is in part related to the variation in the parent material. The Cary-aged Des 
Moines Lobe till is classified as the Dows formation. Two of the four members are present in the 
study area, the Morgan Member and the Alden Member. The Morgan Member consists of 
superglacial deposits and the Alden Member is basal till. The Morgan Member has higher sand 
content and occurs at higher elevations. Note the occurrence ofthe 305 contour lines and sand 
contents above 50% in Figure 18. Note in Figure 22 based on the soils that are on this landscape 
that the predicted yield changes rapidly as reflected in the closely spaced yield contours. Differences 
in soil texture is a major factor in yield variation in these areas. This variability is predictable based 
on a knowledge of the till stratigraphy and the relationship of soil properties to productivity. Table 
1 gives the percentages of soil separates in each textural class and Figure 7 shows the expected 
relationships between soil textural classes and forms of water in the soil. Figure 9 shows estimated 
relationships between plant available water capacity. 
A brief discussion of soil variability is given together with the degree of variability of selected soil 
properties and parent materials (Tables 2 and 3). Figure 4 shows some of the major factors that 
affect soil productivity, which is the ability of a soil to produce a crop under a specified management 
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system. Weather is the major factor affecting yields in an area but the characteristics of the soils 
interact with the weather factors, especially precipitation. In a year of low rainfall, the soils with low 
water-holding capacity will be the first soils to exhibit moisture stress. In a wet year, the soils that 
are in depressional areas may have lower yields due to ponding of water or high water tables. Thus, 
decisions on major changes in management should be based on data collected over several years, 
preferably 5 or more so that a range ofweather conditions are included in the database. 
Figure 12 shows the soils identified at each of the grid points and Figures 13 through 18 show 
drainage class, depth to carbonates, mollie epipedon thickness, organic matter content, clay 
percentage, and sand percentage for each of these grid points plotted on elevation contours. Figure 
19 shows estimated five-year com yields on elevation contours. Figures 20 shows soil map units on 
pH contours. Figure 21 shows pH on pH contours. Note however, that we had only 70 pH 
measurements. Figures 22 to 26 show various parameters plotted on estimated corn yield contours. 
Study of these figures should help understand the relationship among soil properties, how these 
properties vary across the landscape, and the effect of soil properties on productivity. 
Summary 
One of the first steps in understanding the soils and landscapes of an area should be an examination 
of the natural resource data available, soil maps and topographic maps available. Precision agriculture 
is about understanding and managing variability Keep in mind that scale is a problem in 
understanding variability. Soil maps made at a scale of four inches per mile generally will not explain 
all the variability of the data gathered by a yield monitor collecting data on a second by second basis 
even after the problems associated with interpreting the yield monitor data have been resolved. 
Therefore, more detailed soil observations or remote sensing methods such as electrical conductivity, 
may be required if more information is required. Low level aerial imagery may also show contrasting 
areas that relate to soil differences and should be studied and entered into the database. Weather 
data, past management including land use, tillage systems, fertilization, liming, manure application, 
tiling, land leveling, etc. are also important factors that can contribute to variability and are 
important components of a database to aid in interpretation and decision-making for a given field. 
Soil Properties Study 
1. Go to Figure 14 entitled ''Depth To Carbonates". The "0" indicates that there is free calcium 
carbonate at the surface in these soils. These areas do not need lime. In fact, the problem is excess 
lime. Outline "no lime" management areas. Are these same management areas identifiable on the 
1:15840 soil map? 
2 . Go to Figure 16. Is there a relationship between organic matter content and the elevation 
contours? Explain. 
3. Examine Figures 22 through 26. Explain the relationships you observe. 
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27C 
28B 
28C 
ss 
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6202 
62E2 
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Figure 3b. SOIL LEGEND 
M~p symbols COf'ISist of numbers or a combination ol numbers ~d letter$. The initial numbers reocesent tl'le kind of 
soil. A capital letter toltowtnr these numbers indicates t:'1e cla.$S ot stooc. Srmbcls w1thaut a slope lener 1re for 
nearly level soils or raiscelliW\eous veas. A final number ot 2 followinc ttte st094: letter indiutes th.at 0\e soil is 
acderately eroded. 
NAME 
Okoboji silty ctzy toam, 0 to 1 percent slopes 
Terril to.,., S to 9 percent slCII)CS 
Oici<IIIMI line undy toano, 1 to S percent slopes 
Oidclllon line sondy loam, S to 9 percent slopes 
Nicollet loom. 1 to 3 percent siCII)Cs 
Storden loom, S to 9 percent slopes, moderately eroded 
Storden loom. 9 to 14 percent sl09es. moderately etl>ded 
Storcsen loaat, !4 to Ia percent slopes, moderately eroded 
Stor<!en loom. 18 to 2S percent slopes 
Salida eravelly undy to..,, S to 14 percent slCII)Cs 
Sal ida cravelly sandy toacn, 14 to 2S percent slopes 
OkoboJi mUCky silt loara, 0 to 1 percent slopes 
H orps to.,., 0 to 2 percent slopes 
vrecsur silty ctzy toM~. a to 2 percent SI-s 
Cot and clay lo...,, 0 to 2 percent SI-s 
Clatoon loam, 2 :C S percent slopes 
Ctanen lo.,., S to 9 percent st-s 
Clatoon loam, S to 9 perce~~t slopes, modentely eroded 
Ct•rion to.,., 9 to 14 percent slopes, moderately eroded 
Ames Silt to .... a to 1 petcent slopes 
H zy~en lo..,, 2 to S percent slopes 
Hzy* to..,, S to 9 petcent slopes 
Hzycen to..,, S to 9 percent slopes, moderately eroded 
Hzycen loao. 9 to 14 pen:ent st-s. mo4eratety eroded 
Hzyden loom, 14 to Ia percent stooes 
Cytindet to..,., 32 to 40 indies to sand - cravet, 0 to Z percent slopes 
Palms 01ud<. 0 to 1 pen:mt slopea 
Linder undy lon, 0 to 2 percent slopes 
Luter loam, 2 to S pete81t stapes 
Lnlllf 1o-. S to 9 percont slooes. mo4eratety e~<~eed 
Bisczy clzy 10M, 32 to 40 indies to uno- crave!', a to z perc81t slopes 
o.,.u. sill to .... 0 to 2 percent stooes 
Wadena loano, 32 to 40 indies to und - C1':r¥tl, a to 2 oercent slopes 
Waaenato-. 32 to 40 indies to sand and cravet, 2 to S percent slopes 
Lo Sueur loa•. 0 to 2 per<:81t slooes 
H ¥COl to..,, 0 to 2 percer~t stooes 
Pat au mucx. ponded, 0 to 1 percent SIOOOS 
Lutl>e< lo-. 0 to Z percent Slooes 
Hay-Storden lo~. 2S to SO percent slooes 
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SYMBOL 
3aJ 
33SS 
44~C 
(85 
.:ass 
5J7 
511 
S36 
SS9 
Soios 
s.;sc 
$i0 
sass 
636 
63SO 
63SE 
6SS 
733 
na 
naB 
nac 
823 
8238 
823C2 
4211B 
4211C 
8211C2 
82102 
8.21E2 
113S 
· !536 
241SS 
40SS 
413SB 
~13SC 
4S07 
SOlO 
S031 
SOCJ 
NAME 
Mama silty clzy loam. 0 to 2 percent slopes 
Guckeen clay lo.w, 1 to 4 peran< slopes 
J ac;win toaat, 3 to 9 percent stapes 
Soillville loam, a to 2 percent SI-s 
Spillville loam, 2 to S percent si-s 
ConaSleo silly clay toano, a to 2 percent Slopes 
Blue Earth nacxy Silt loMO, a to 1 oercenl slopes 
Ha1ton fine s.andy to~m. 0 tc 2 percent sto~es 
T •teat clay to liD, 32 to 40 indies to uno ond erOYel. 0 to 2 percent sle<. 
MoinROf11 toM. 1 to S perc.enr slooes 
Moancona loan, S to 9 pcrCMt slooes 
Moincona to.,., 9 to 14 per=t st09es 
Coland-Soillvitte complex, 2 to S pen:ent slooes 
Buckney line sandy lo..,, 1 to 3 percent slooes 
Srorcsen-Salida comptu, 9 to 14 percent stooes 
Store..>-S•Iid• comotu, 14 to 2S percent s109es 
Crippan lo•. 1 to 3 oercenc slooes 
Calco silly cl•y lo .... 0 to 2 percent stooes 
S.ttre lo•ao. 0 to 2 percent slopes 
S.rtre loam, 2 to S percMt slopes 
Sattre lo...,, S to 9 percent slopes 
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Soallville-S..Ckrley COftlpte:z, 2 to S percent SIOilU 
lticollet-urOan 1- COIIIOII•. 1 to 3 percent slopes 
Cl¥aon-Ur0an t- c:oaoote•. 2 to S ocrcent slOpes 
Ctanon-UrOan land c....,le:z, S to 9 percent stooes 
Canasr--urtlan land COGIOIU, 0 to 2 percent slopes 
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MISCELLANEOUS CULTURAL FEATURES 
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Indian mound (label) 
Located object (label) 
Tank (label) 
Wells. oil or gas 
Windmill 
Kitchen midden 
Indian 
Mound 
r\. 
Tower 
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WATER FEATURES 
DRAINAGE 
Perennoal. double line 
Perennoal, songle line 
Intermittent 
Crossable with tillage 
implements 
Not crossable with tillage 
implements 
Drainage end 
Canals or dotches 
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Draonage and / or orrogatoon 
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SPECIAL SYMBOLS FOR 
SOIL SURVEY ~ 
SOIL DELINEATIONS AND SYMBOLS 
ESCARPMENTS 
~rock 
(points down slope) 
Other than bedrock (points down slope) 
SHORT STEEP SLOPE 
GULLY 
DEPRESSION OR SINK 
SOIL SAMPLE SITE 
(normally not shown) 
MISCELLANEOUS 
Blowout 
Clay spot 
Gravelly spot 
Gumbo, slick or scabby spot (sodoc) 
Dumps and other similar 
non soil areas 
Prominent hill or peak 
Rock outcrop (includes sandstone and shale l 
Saline spot 
Sandy spot 
Severely eroded spot 
Slide or sltp (tops potnt upslope l 
Stony SPOt. very stony spot 
Calcareous 11101 
Better draifted soil 11101 
0 
¢ 
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.,. 
+ 
0 ~f) 
S.L. 
\0 
Ul 
SOl L 
PHYSICAL 
CHARACTERISTICS 
INSECTS 8 
DISEASE 
~--------------
SOl L 
FERTILITY 
SOIL 
PRODUCT! VITY 
CLIMATE 
~-------------- SOIL 
WATER 
PLANT 
CAPABILITY 
Figu1·c /1 .. --Physical and Biological faCtors involved in soil productivity. 
VOLUME COMPOSITION OF AN 
AVERAGE MINERAL SOIL 
: MINERAL SOLIDS 
· . 45.0°/o 
ORGANIC SOLIDS 
~ 5.0°/o 
25.0°/o 25.0°/o 
Figure 5. 
·---···i 
WEIGHT I MOISTURE PROPERTIES I I SOIL I ! 
TEXTURE I PARTICLE BULK DENSITY 
I 
POUNDS PER I I AVAILABLE I I PROBABLE 
DENSITY I SOLIDS • CUBIC FOOT 
DRAINAGE TO UN- PERMEA-
(SOLIDS I PORES 01 (AVE . ) (INCICESI PLANTS AVAILABLE BILITY 
COARSE I • L1> I II I \ -, I [_j I VERY TEXTURED GOOD 2.6 1.38 981 ~2.71 ~0.81 - 1.2 () ~ MEDIUM • LD TEXTURED I .. I ED I \-.1 I GOOD \0 2.6 1.28 80 -2.8 -2.3 - 1.4 
-..J --
FINE I • () 
-5 12.8 IJ fi'.IH TEXTURED LY TO POOR 2.6 1.37 75 
• I f) u? 
'3' 13. 1 POOR MUCKS I ~ I BOG I 2.0 I 0.8 50 
PEATS I e I ~ ) I 0? : ..1. 13 .. ! POOR (DOG) 1.7 I - 0.4 lti> 25 I ___ __J
Figure 6 . --Diagrammatic presentation of some of the average weights 
and moisture properties of soils. 
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Figure 7. 
/ 
Sandy I Fine Loom Silt Light Cloy Heavy I Cloy Loam Sandy Loam Clay .Loam Cloy 
Loam Loom Loom 
I 
--Typical water characteristics of different- textured soils. 
A- SOIL IS FULL OF WATER. (MAXIMUM WATER HOLDING CAPACITY) 
PARTICLE 
B- SOIL AT FIELD CAPACITY. (GRAVITY DRAINAGE HAS CEASED!. 
SOIL PARTICLE 
TENSION 
C. SOIL IS AT OR BELOW FIELD CAPACITY. (PLANT ROOTS ARE EXTRACTING 
WATER FROM FILM AROUND SOIL PARTICLES!. 
WATER FILMS 
/ 
SUCTION FORCES / '/ ( 
CAUSING PLANT UPTAKE .• __ ___,..::.--/. · ROOT 
PARTICLE 
FORCES HOLOING 
'-....:::;:.-c:::::::::::::__::::::: WATER TO SOIL 
D. SOIL IS AT WILTING POINT . (ROOT HAS EXTRACTE"O ALL THE WATER IT CAN FROM 
THE SOIL l . 
SOIL PARTICLE 
I 
-~/ 
FORCES HOLDING WATER IN SOIL - . ROOT 
Figure 8. --Schematic diagrams of soil-moisture relationships. 
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Figure 9. Estimated relationship between plant available 
water capacity (PAWC) and soil texture components~ 
Adjuatmeat for a and aize 
loamy a and and a andy Adjustment for 
loam o.c. content 
% o.c. 
Adj. 
Coarae -0.01 in/in ( 1n/1n) Medium 0.00 in/in 
Fine +0 .. 01 in/in 0.0 -0.01 
Very Fine +0.05 in I in 1.0 0.00 
80 2.0 +0.01 
3.0 +o.o;: 
4.0 +0.03 
5.0 +0 .04 
percent sand 
l..C. Uurnenil and T.f:. Fenlon. I . S.U . 1977. 
100 
%OM 
0 
1.7 
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: : =~ r: . i~~;~ :, . ~ SJ$! r 
:;:;:; · 
" ~·~ il"'~~'@.G~NESt:'g~,, '" ''"'' , , 
r·===· . . . . . . 
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 
pH 
Fig~::_~ __ 10 ._ --···· :-.::The rC! la t~ v e a v a i lab i 1 it y c; f ? ia nt. nut r·.i e !lt~ - in th~ . 
soil as influenced by pH. The width of thC! b.1.r :r.dic:ltc~ the levd 
of avuilability. (.Adopted frutn E. Tn1"~ .: nd : ... i::. Sngclbe:-t. 
!'~5~ . . Soils: :"-!ature ;uHl Man;q.!l'llH':II . C:c>!lt-;.!·-· rvplr~g Cc .. 
~.t<Jrl:,.,•Jil, . \-1/i::.l:onsin.) 
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Table 1. --Percentages of sand, silt, and clay 
in the several textural classes 
Textural name Range in percent 
(Soil class) Sand Silt Clay 
11 Sand- 8 5- 100 0-15 0- 10 
1 I Loamy sand- 70-90 0-30 0- 15 
1 I Sandy loam- 43-80 0- so 0-20 
Loam 23-52 28-50 7-27 
Silt loam 0-50 50-88 0-27 
Silt 0-20 8- 10 0- 12 
Sandy clay loam 45-80 0-28 20-35 
Clay loam 20-45 15- 53 27-40 
Silty clay loam 0-20 40-73 i 27-40 
Sandy clay 45-65 0-20 35-55 
Silty clay 0-20 40-60 40-60 
Clay I 0-45 0-40 40- 100 
l I Coarse Greater than 25 percent coarse sand. 
Fine 50 percent or more fine sand; less than 
25 percent coa rst:! sand. 
Very fine: 50 ?ercent 01 more very fine sand. 
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TEF 
Soil Variability 
Variability in soils can be grouped into two broad categories, systematic and 
random. Systematic variability is a gradual or marked change in soil proper-
ties as a function of landform, geomorphic element, and soil-forming factors . 
Soil scientists have long emphasized systematic change. However, it may often 
become highly complex, imposs;ible to express, and changes in soil properties 
cannot be related to a known cause. These kinds of changes are termed random. 
One of the objectives of soil mapping is to delineate soil bodies that contain 
less-variable soil conditions than the population of soil as a whole. Also, 
the use of soil maps depends in part upon the precision of statements that can 
be made about the map units. Thus, for both of these parameters, the causes 
and magnitude of soil variability is useful information. The data in Table2 
indicates accuracy of mapping soil series, soil slope, and soil erosion for 
selected Iowa soils. Other data reported by Wilding et al. (1965) indicates 
that in a study area in Ohio the series was mapped accurately 42% of the time 
and erosion class 94% of the time. 
Mausbach et al. (1980) reported the following generalized order of spatial 
variability: 
Physical properties 
Chemical properties 
loess < glacial drift < alluvium = residuum 
A = B < C horizons 
no consistent trend among soil orders 
loess < glacial drift, alluvium and residuum 
A = B < C horizons (except for pH and sum of 
cations) 
Vertisols < Mollisols = Alfisols < Entisols _ 
Inceptisols = Ultiso_ls < Spodosols 
Drees and Wilding (1973) suggest the following generalized sequence of spatial 
variability for physical, ·chemical, and elemental properties: 
.• 
Loess < glacial till· <. glacial ou'twash = glacial lacustrine = alluvium 
Elemental K = Ti < Zr < Fe < Ca 
No consistent trend among A~ B, and C horizons 
The magnitude of spatial variability in a soil body does not change, but our 
perception of the variability depends on the choice of sampling sites and the 
analysis of these sites. 
wilding and Drees (1983) summarize the above observation with the following 
statement: 
Soil variability is thus a consequence of real space changes within 
the landscape body, choice of a sampling site or pedon to portray 
those changes, and systematic or random field sampling and laboratory 
errors of determination . The magnitude of these sources of variabil-
tty from greatest ~o least is proposed as follows : 
Landscape body >>> Choice of pedG~» Peden sampling> Laboratory 
-:: .... ":I , •• ~ .~ .-
SOli, EROSION AND SOIL PROPERTIES 
Table 2 Accuracy of mapping soil series, ;oil slope, and soil erosion classes in Iowa 
(Dideril:.sen, 1966). t 
Avc:r:~gc: percent correct 
!itlil _ Slope group Series Slope: Erosion class 
hl:l S-9"7o 91 100 91 
(Typic 9-14"7o 80 70 60 
Uuorthent) 14-20o/o 71 100 86 
weighted mean 83 90 79 
Monona 0-20Jo 66 100 100 
(T)·pic 2-S"l'o 60 100 90 
1-!0lpludol!) 5-9°/o 69 100 69 
9-140ft 100 100 94 
14-200!o 57 86 71 
weighted mc:an 76 98 84 
l-1:mh:~ll 0-2'7o 60 80 100 
t rypic 2-S'It 83 66 83 
H:~pludol!) 5-90ft 79 100 71 
9-14°/o 70 80 80 . 
weighted rncan 15 83 81 
Sh:~rpsburg 0-2"7• 100 100 100 
(fypie 2-SO!o 63 100 78 
Argiudoll) 5-90Jo ss 90 73 
weighted mean 63 100 81 
T:~ma 0-2°/o 100 100 100 
(Typic 2-S ~'• 100 100 100 
Argiudoll) 5-9°!o 100 100 75 
weighted mean 100 100 92 
Shc-lhy S-9'7e 100 100 100 
tT)·pic 9- I 4°/o 77 l!9 100 
Argiudoll) 14-18% so 100 100 
weighted mean 75 92 100 
t ll;~~c.J on 161 profile des<.iiptions: Ida, 29; Monon:~, 49; M:~rsh:~ll , 41; Sharpsburg, 22; 
'}';una, 8; and Shc:lby, 12. 
The effect of accelerated erosion on Mollisols is a major problem in 
soil classification. The criteria for c!assificaiton at the highest category, the 
order level, is linked directly to surface-soil thickness (mollie epipedon). 
Smith (1978, p. 13) stated: 
In general, we tried throughout taxonomy to use the characteristics or the subsur-
face horizon rather than the surrace horizon because we wanted to keep the eroded 
and uneroded soils in the same series, as has been our practice in mapping. The use 
or the mollie epipedon as a diagnostic horizon violated the general principles that 
we staned with, but we could rind no escape rrom it. 
In soils with sola thicker than 75 em, the minimum thickness of the mollie 
c:pipedon for the soil to be classified as a Mollisol is 25 em. Failure to meet 
1 he thickness criterion for a mollie epipedon results in a classification of 
~I ollie Hapludalf, if the soils are well drained and have an argillic horizon. 
Wilhout an argillic horizon but with a cambic horizon, the soils would be 
d<Issified as lnceptisols. Because of the emphasis given to the mollie 
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.IMPACT OF SPATIAL VARIABILITY & INTERPRETIVE MODELING 
Table 3. R<.:lativc variability of sckctt:d soil properties sampkcJ within mapping units or a given 
soil scrics. 
Soil property 
Bulk density 
Soil color hue 
Soil color value 
Soil pH 
Plasticity limit 
Liquid limit 
A Horizon thickness 
Water retention (33 kPa) 
Base saturation 
Total sand content 
Total clay content 
Calcium carbonate equivalence 
Soil color chroma 
Depth to carbonates 
Cation exchange capacity 
Depth to mottling 
Organic matter content 
Plasticity index 
Soil thickness 
Exchangeable Ca 
Exchangeable K 
Exchangeable Mg 
Water-soluble salt extract 
Hydraulic conductivity 
Mean 
7 
9 
10 
10 
15 
17 
IR 
25 
25 
25 
28 
28 
30 
32 
35 
39 
41 
43 
48 
57 
58 
48 
75 
CV(%)t' . 
Range 
5-13 
2-20 
4-12 
5-15 
5-2H 
R-31 
~JI 
10-J.l 
17-33 
~n 
I()-..{) I 
20-30 
15-50 
20-49 
20-40 
20-50 
20--61 
2(}-.63 
25-58 
30-73 
7-160 
31-121 
13-150 
Relative order of 
soil variability 
Least variable 
Moderately 
variable 
Most 
variable 
tThe coefficient of variability (CV) values represent variations for equivalent horizons or depths. 
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Table 4. Selected statistics for soil 
SAND(%) STATISTICS 
192 Number of numeric cells 
6336.4 Sum 
33.00208 Average 
12.91825 Standard Deviation 
8.3 
77 
Minimum 
Maximum 
CLAY(%) STATISTICS 
192 Number of numeric cells 
4699.8 Sum 
24.47812 
5.635819 
Average 
Standard Deviation 
14 Minimum 
41 Maximum 
DRAINAGE CLASS STATISTICS 
192 Number of numeric cells 
10030 Sum 
52.23958 Average 
12.52996 Standard Deviation 
25 Minimum 
70 Maximum 
MOLLIC EPIPEDON TIITCK.NESS (IN.) 
192 Number of numeric cells 
4984.457 Sum 
25.96071 Average 
9.13 907 Standard Deviation 
6 Minimum 
49 Maximum 
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properties. 
ORGANIC MATTER STATISTICS 
192 Number of numeric cells 
881.6 Sum 
4.591667 
1.598046 
Average 
Standard Deviation 
1.3 Minimum 
10.1 Maximum 
DEPTH TO CARBONATES (IN.) STATISTIC 
192 Number of numeric cells 
6107.087 Sum 
31.80774 
21.32158 
Average 
Standard Deviation 
0 Minimum 
85.03937 Maximum 
CORN YIELD (BU/AC) STATISTICS 
192 Number of numeric cells 
27193 Sum 
141.63 02 Average 
13.9949 Standard Deviation 
74 Minimum 
159 Maximum 
pH STATISTICS 
70 Number of numeric cells 
487.3 Sum 
6.961429 Average 
0.8617967 Standard Deviation 
5 Minimum 
7.8 Maximum 
Figure 11. ELEVATION, METERS, THOMPSON-BAKER AREA 
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Figure 12. SOIL MAP UNITS ON ELEVATION CONTOURS, THOMPSON-BAKER AREA 
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Figure 13. DRAINAGE CLASS ON ELEVATION CONTOURS, THOMPSON-BAKER AREA 
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igure 14. DEPTH TO CARBONATES (IN.) ON ELEVATION CONTOURS, THOMPSON-BAKER AREA 
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gure 15. MOLLIC EPIPEDON THICKNESS (IN.) ON ELEVATION CONTOURS, THOMPSON-BAKER AREA 
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Lgure 16. ORGANIC MATTER CONTENT(%) ON ELEVATION CONTOURS, THOMPSON-BAKER AREA 
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Figure 17. CLAY(%) ON ELEVATION CONTOURS, THOMPSON-BAKER AREA 
I 
27 33 FcJ 27 l . + + 700.0 & '!1-. 
~ :!2.~ 27 
+ 
600.0 
34 33 
+ + + 
500.0 
28 25 31 0 30 + + + + 
400.0 
37 
+ 
300.0 
200.0 
100.0 
0.0~,----~--~,----~--r---~--~~~~--~r-------~------~~~~~~--L-~~ 
0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00 
DISTANCE, METERS 
114 
600.0 
500.0 
400.0 
300.0 
Figure 18. SAND(%) ON ELEVATION CONTOURS, THOMPSON-BAKER AREA 
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gure 19. 
!MATED FIVE-YEAR AVERAGE CORN YIELDS (BU/AC) ON ELEVATION CONTOURS, THOMPSON-BAKER AR8 
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Figure 20. SOIL MAP UNITS ON pH CONTOURS 
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Figure 21. pH ON pH CONTOURS 
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Figure 22. CORN YIELDS (BU/AC) ON CORN YIELD CONTOURS, THOMPSON-BAKER AREA 
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Figure 23. SOIL MAP UNITS ON CORN YIELD CONTOURS, THOMPSON-BAKER AREA 
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Figure 24. CLAY CONTENT(%) ON CORN YIELD CONTOURS, THOMPSON-BAKER AREA 
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Figure 25. SAND CONTENT(%) ON CORN YIELD CONTOURS, THOMPSON-BAKER AREA 
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Figure 26. DRAINAGE CLASS ON CORN YIELD CONTOURS, THOMPSON-BAKER AREA 
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